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Governing Equations N(\SA

« Conservation of Mass :

d(pA) N d(pud) _
ot dx

 Conservation of Momentum :

0

d(pud) | ol(pu* +p)A] dA

T ox P =Y

« Conservation of Energy :

d(perd) 0d|(per + pud]
_I_
ot 0x
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g% Governing Equations- Non Dimensional k&s

e Conservation of Mass_: )
d(pA) N d(pud) _

0

ot 0x
 Conservation of Momentum :
d(pud) o[ - T pT dA
— Al T2 +— || ——— =
dt * 0x [’0 (u * y)] y dx 0

e Conservation of Energy :

o __ . dd_ ___ -
57 (Perd) + —=lpud(er + T)| =0

€ Y
(y-1) 2

az

Where  ép =
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Vector Form

ou OF
E-l' a—G—O

Where the vectors, U, F and G are defined as

) _ pul _ 0 |
PA
= | pud = 2, T — |pT a4
u , F pA(u +y) , G v
erA
_p ! | pul(er +T) 0
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& Quasi 1-D Problems s

Problem ID1: Anderson Nozzle Isentropic Flow

Initial Conditions

t=0

p 1.0 A(x) = 1.0 + 2.2(x — 1.5)?
u = 0.59/ A 0 < xper <05

i N

xp \ A(X) = 1.0+ 2.2(x - 1.5)" /
l ‘ l1 0 — 0.366(xpgr — 0.5) \\ /

0.59 0.5 < Xpor < 1.5 T~
/P ba

1.0 = 0.167 (xpqr — 0.5)|

bar ’/’“-_-._-—._M-.‘~
p t=0 0.634 — 0. 3879(xba-r —1. 5) / \
ul = 059 , Xpar = 1.5 |~
| I I ! 1 | I ] I I J
3

T 0.833 — 0.3507(xpgr — 1.5)

Xbar

Xpar Non-dimensional Length ( x )
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Problem ID1: Anderson Nozzle Isentropic Flow

Inflow Conditions

t A(x) = 1.0 + 2.2(x — 1.5)2

o 1.0
« (O
u =12.0uy; —uj \ A =1.0+2.2(x - 1.5)" /
N
-T-i=1 | 1.0 | ~—
o T~
Outflow Conditions
) - . /‘——-—N‘"‘
p Z'Op(imax_l) T Plimax—2) /
u = Z'Ou(imax—l) ~ Wimax—2) |
20T o —T -
'T' Imax - (imax—1) (imax 2)- ° Non.l-dimensional Length(ihar) ’
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Quasi 1-D Problems

Problem ID2: Anderson Nozzle Shock Flow

Initial Conditions

t=0
0 1.0

u = 0.59/ 4
T

Xp

1.0 — 0.366(xpqy — 0.5)
0.59

1.0 = 0.167 (xpqr — 0.5)|

=% 10.634 — 0.3879(xyq — 1.5)

p
- 0.59

u /pA

T 10833 -0.3507(xpe — 1.5)

bar

Xbar

A(x) = 1.0 + 2.2(x — 1.5)2

\@

N

0< Xpar <0.5

A(x)=1.0 + 2.2(x - 1.5)°

N 7

/
|

05 < Xpar <1.5

Xpar = 1. 5

Non-dimensional Length ( x, )
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Quasi 1-D Problems

Problem ID2: Anderson Nozzle Shock Flow

Inflow Conditions

_t

p 1.0

u =12.0u, —u;

7l | 10 |
Outflow Conditions

_p_t pimax_l

u =10.1520

T|

- lmax | imax_l_

TFAWS 2017 — August 21-25, 2017

A(x) = 1.0 + 2.2(x — 1.5)2

Non-dimensional Length ( x, )



& Ouasi 1-D Problems NF A

Problem ID3: Absolute Nozzle Isentropic Flow

Initial Conditions

t=0
o 1.0

u = 0.59/ 4

Xbar xp

1.0 — 0.366(xpqy — 0.5)
0.59

1.0 — 0.167(xpqr — 0.5)

Xbar

0

0 = 0.634 — 0.3879(x}qr — 1.5)
- 0.59

u /pA

T 10833 -0.3507(xpe — 1.5)

Xbar

A(x) = 1.0 + 5.3 abs]||x — 1.5]|

\ A(x) = 1.0 + 5.3 abs||x - L.5||
\\\
~.
\//

7 S e
/ \

— ~

0< Xpar <0.5

05 < Xpar <1.5

Xpar = 1. 5
L ! ! I I 1 ! ! ] ! 1 I I I I J
0 1 2 3
Non-dimensional Length ( x, )
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Problem ID3: Absolute Nozzle Isentropic Flow

Inflow Conditions
A(x) = 1.0 + 5.3 abs]||x — 1.5]|

_ _t B
p 1.0 5
u =12.0uy; —uj \\ A(x) = 1.0 + 5.3 abs||x - 1.5 "
\\\ /
‘T‘i=1 i 1.0 | \//”
Outflow Conditions A~
_p_n _2'0p(l _1) — p(l _2)_ /’/ ~
— \\
u = 2'0u(imax_1) - u(imax_z)
_T_ i i Z'OT(imax_l) - T(imax_z) | ° No;-dimensional Length (iw) ’
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& Ouasi 1-D Problems NF A

Problem ID4: Absolute Nozzle Isentropic Flow

Initial Conditions

t=0
o 1.0

u = 0.59/ 4

Xbar xp

1.0 — 0.366(xpqy — 0.5)
0.59

1.0 — 0.167(xpqr — 0.5)

Xbar

t=0

ol 0.634 — 0.3879(xpg, — 1.5)
- 0.59

u /pA

T 10833 -0.3507(xpe — 1.5)

Xbar

A(x) = 1.0 + 5.3 abs]||x — 1.5]|

0< Xpar <0.5

™~ A(x) = 1.0 + 5.3 abs||x - 1.5]| /
\ =
~__
0.5 < Xpar < 1.5
// .
- .

Xpar > 15

Non-dimensional Length ( x, )
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Problem ID4: Absolute Nozzle Isentropic Flow

Inflow Conditions

St

p 1.0

u =12.0u, —u;

7l | 10 |
Outflow Conditions

_p_t pimax_l

u =10.1520

T|

- lmax | imax_l_
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A(x) = 1.0 + 5.3 abs]||x — 1.5]|

\\~ A(x) = 1.0 + 5.3 abs||x - 1.5|| /
\ —

\\//

Non-dimensional Length ( x, )



Quasi 1-D Problems

Problem ID5: Feng Nozzle Isentropic Flow
Initial Conditions

. A(x) = 1.0+ 2.2(x —1.50)? forx <15
p 10 A(x) = 1.0 + 0.2223(x — 1.50)> forx > 1.5
=10. < .
u 0 Sg/pA 0 < Xpar < 0.5 A(x) = 1.0 + 2.2(x-1.50)* . s
T ® dA/dx = 4.4(x-1.50) S
Xbar 1.0 xp
\\ A(x) = 1.0 + 0.2223(x-1.50)°
dA/dx = 0.4446(x-1.50) forx=18
1.0 — 0.366(xpqr — 0.5)
T~
~—_ .
0. 59/p 0.5 < Xpar < 1.5 T
1.0 — 0.167(xpq, — 0.5) - /// —
_0 /'
p N 0.634 — 0.3879(x} 4 — 1.5) /
u = 0.59/pA Xpar = 1.5
| L L L L 1 L L L L 1 ]
Tl 10.833 - 0.3507(xpq, — 1.5) 0 1 2 3
Xbar Non-dimensional Length ( x, )
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&

& Quasi 1-D Problems NG

ANALYSIS WORKSHOP

Problem ID5: Feng Nozzle Isentropic Flow

Inflow Conditions A(x) = 1.0 + 2.2(x — 1.50)2 forx <1.5
-t TR A(x) = 1.0 + 0.2223(x — 1.50)> forx > 1.5
p . @ A(x) = 1.0 + 2.2(x-1.50) forx e 15
u — Z.O’LLZ — U, dA/dx = 4.4(x-1.50)
S A(x) = 1.0 +0.2223(x-1.50)° R
dA/dx = 0.4446(x-1.50)
rl_, | 10 | \\
Outflow Conditions — R
_n - 7 '//'/ o
P 2'Op(imax_1) ~ Plimax—2) //
u = 2'0u(imax_1) - u(imax_z)
'T' lmax -Z.OT(imax_l) B T(imax—Z)_ ° Nmf—dimensional Length(ibm) ’
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Quasi 1-D Problems

Problem ID6: Feng Nozzle Shock Flow

Initial Conditions
A(x) = 1.0+ 2.2(x —1.50)? forx <15

t=0

p 10 A(x) = 1.0 + 0.2223(x — 1.50)> forx > 1.5
u = 0.59/ 0 < xper <05
pA A(x) = 1.0 + 2.2(x-1.50)°
T ” 1.0 ® dA/dx = 4.4(x-1.50) forx==15
ar x
\\\ A(x) = 1.0 + 0.2223¢x-1.50)° . >
1.0 — 0.366 (xbar —05) \\ dA/dx = 0.4446(x-1.50)
'\\\
0. 59/p 0.5 < xper < 1.5 |:‘
1.0 — 0.167 —0.5
(xbar ) bar /_/
t=0 /
o 0.634 — 0.3879(xpgr — 1.5) /,/
u = 0.59/pA Xpar = 1.5
T L L L L L 1 L L . I 1 L ! L L J
Xbar 0.833 — 0.3507 (xpq, — 1.5) 0 1 2 3
Xbar Non-dimensional Length ( x,, )
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4 ‘( . '- >
& Quasi 1-D Problems Vi

RKSHOP

Problem ID6: Feng Nozzle Shock Flow

Inflow Conditions A(x) = 1.0 + 2.2(x — 1.50)2 forx <1.5
ot 10 A(x) = 1.0 + 0.2223(x — 1.50)*> forx > 1.5
P .
u - 2.0u2 - 'LL3 = 1.0 + 2.2(x-1.50)’
T ® dAfi);4.'4(x-l.'5I(J’;-' ) forx==1.3
L i . 10 | \ A(x) = 1.0+ 0.2223(x-1.50)° forx = 1.8
OUtﬂOW CondlthnS \\\ dA/dx = 0.4446(x-1.50) e
\.\\‘ B
T p | |:
p (imax_l)
/,/
u = 0.48 //
/.
_T_ Imax -T(imax_ b -
i —

Non-dimensional Length ( x,, )
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&7 \( . v \ Z4
& Quasi 1-D Problems NF ?

RKSHOP

Problem ID7: Hoffmann Nozzle Isentropic flow

Initial Conditions
A(x) = 1.5643 + 0.3883tanh(8x — 4)

- 1t=0 [ i A(X)= 1.5643 + 0.3883tanh(8x-4)

p 0.395 dA/dx = 3.1064 - 3.1064tanh’ (8x - 4)

Ul =11.5x%x+0.6897 0 < Xpar =1 —

7], | 0.6897
L L L L L | ! L ! 1 ! . ! ! 1 ! . . ! ]
0 025 0.5 0.75 1

Non-dimensional Length ( x, )
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&7 \( . v \ Z4
& Quasi 1-D Problems NF *

RKSHOP

Problem ID7: Hoffmann Nozzle Isentropic flow

Inflow Conditions A(x) = 1.5643 + 0.3883tanh(8x — 4)
1 | 0395 ]
ulr = 1.5 X v0.6897 @ A(x)= 1.5643 + 0.3883tanh(8x-4)
dA/dx = 3.1064 - 3.1064tanh’ (8x - 4)
Tl [ 06897 o -
Outflow Conditions
_.n _n _.n
p p p
u =2lu —|u “\\_a
T] T T I ¥ T O
Imax Imax—1 Imax—2

Non-dimensional Length ( x, )
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&7 \( . v \ Z4
& Quasi 1-D Problems NF *

RKSHOP

Problem ID8: Hoffmann Nozzle Shock flow

Initial Conditions
A(x) = 1.5643 + 0.3883tanh(8x — 4)

(8
_t=0 - . A(x)= 1.5643 + 0.3883tanh(8x-4)
p 0.395 dA/dx = 3.1064 - 3.1064tanh’ (8x - 4)
//’—/-‘—_F.
Ul =[1.5x+0.6897 0<Xpar <1 -
], | 0.6897
T —
\\h-h‘
l | L L L I L 1 L I 1 L | L ] 1 L | L I
0 0.25 0.5 0.75 1
Non-dimensional Length ( x, )
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&

ANALYSIS WORKSHOP

Problem ID8: Hoffmann Nozzle Shock flow

Inflow Conditions A(x) = 1.5643 + 0.3883tanh(8x — 4)

o] 0.395
®
u| = 1.5 x V0.6897 A(x) = 1.5643 + 0.3883tanh(8x-4)
dA/dx = 3.1064 - 3.1064tanh” (8x - 4)
Tl | 06897 e |
Outflow Conditions
P(imax—1)
n —
p L

u :0'5081X’Timax R R M S B |
0] 0.25 0.5 )0.75 1

Non-dimensional Length ( x,

“I'max

'D(imax_l)
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Quasi 1-D Problems

Problem ID9 : Feng 2nd Nozzle Isentropic Flow

|n|t|a| Condltlons A(x) =2.0 for —1.0 <x<-0.5, 05< x <1.0
; =0 A(x) = 1.0 + sin?(nx) for —0.5 <x<0.5,
u =10.3 Xpar < —0.5
T 1.0 N e

Xbar " Xpar \\
'“J

t=0 ]
D 1.0 — 0.366(xpqy — 0.5)

u = 0.7 —-05 < Xpar < 0.5
T] 1.0 — 0.167 (xpqy — 0.5)
bar “Xbar r——s,
o~ "\\
t=0 ] e \
p 0.634 — 0.3879(xpgy — 1.5) L _
u| = 15 0.5 < xpgr < 1.0
1 I J J J 1 J J J J 1 J J J J 1 J J J I 1
T wpar  10-833 = 0.3507 Cxpgr — 1.5 -1 0.5 0 05 1
Xbar Non-dimensional Length {x,_ )
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& Ouasi 1-D Problems NG

ANALYSIS WORKSHOP

Problem ID9: Feng 2nd Nozzle Isentropic Flow

Inflow Conditions A(X) =20 for —10 <x<-05, 05<x <10
A(x) = 1.0 + sin?(mx) for —05 <x<0.5,
_ _t -
p 1.0
u = ZOUZ - U3 \“\ J/’
L, [ 10
Outflow Conditions
_.n - T -
P 2'Op(imax_1) _ p(imax_z) #//// \
u = 2'0u(imax_1) - u(imax_z)
T Imax _Z'OT(imax_l) B T(imax_z) i ) I\i%gl-dimensior?al Length ()?Ijr) 1




i
&
4
k3

A

& Quasi 1-D Problems NG

&
\
ANALYSIS WORKSHOP

Problem ID10: Feng 2nd Nozzle Shock Flow

Initial Condition
ttzoa CO d t ons A(x) =20 for —1.0 <x<-0.5, 05< x <£1.0
p 1.0 A(x) = 1.0 + sin?(mx) for —0.5 <x<0.5
u =10.3 Xpar < —0.5
T Xbar 1.0 Xbar
t=0 [ /t"
0 1.0 — 0.366(xpqy — 0.5) - -
e .
ul = 0.7 — 05 < xpy < 0.5
Tl 1.0 = 0.167(xpe, — 0.5)
bar L Xbar
S
Y - ~
0 0.634 — 0.3879(xpg, — 1.5) ~
ul = 15 0.5 < Xpgr < 1.0
T Xp 0'833 - 0'3507(xbar - 1'5) | I L L I 1 I I I 1 L L ! L 1 L L L L ]
ar - Xbar -1 -0.5 o 0.5 1

Non-dimensional Length ( X,,,,-r )
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& Quasi 1-D Problems NG

ANALYSIS WORKSHOP

Problem ID10: Feng 2nd Nozzle Shock Flow

Inflow Conditions A(x)=20 for —1.0 <x<-05, 05<x <1.0
A(x) = 1.0 + sin?(mx) for —05 <x<0.5,
ot -
p 1.0
u =12.0uy; —uj e
. ~_ ]
L L 1.0
Outflow Conditions
I ' : T
P Pimax—1) -~ \-\
u = 0.43
T]. T an—1) T — %5 1
lmax - - Non-dimensional Length ( x,_ )




* Pointwise (Throat)

T, P « |
O/T*J O/P*; M X

Throatf]

* Distributed ( Entire Nozzle ) /

T, is constant, m is constant

Non-dimensional Length(x,_ )



ANALYSIS WORKSHOP

Problem ID1 and ID2

2r 2~
B ——a—— Total Temperature (Isentropic) E ——=a—— Total Temperature (Shock)
1.75 - Total Pressure (Isentropic) 175 Total Pressure (Shock)
15F 15
&1-25 - ai2s|
A - as B
- 1 - - 1 -
= = f
0.75 =_ |
=" 075
05k 05F
25k -
0.25 . 0.25
L 1 L 1 1 J E
00 1 > 3 0 L ] . |- . ]
Non-dimensional Length (x, ) 0 ! 2 3

Non-dimensional Length (x, )



ANALYSIS WORKSHOP

Problem ID3 and I1D4

2r
- 2 —
B ——=a—— Total Temperature (Isentropic) B
175 Total Pressure (Isentropic) - | —=—— Total Temperature (Shock)
B 1.75 Total Pressure (Shock)
15 -
B 1.5
ai 25| i
=40 8125
~f a |
-t RS sl .
I =
075 .75
05 0.5 :—
- B |
025 0.25F
B [ ! ! 1 1 ! | 1 ! ]
0 ! ! | | ! ! ! J 00 1 2 3
0 1 2 3 Non-dimensional Length (x, )

Non-dimensional Length (x,,)
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ANALYSIS WORKSHOP

Problems ID5 and ID6

2 —
- 2r
B ——=—— Total Temperature (Isentropic) B
175 Total Pressure (Isentropic) B ——=—— Total Temperature (Shock)
B 175 Total Pressure (Shock)
15F C
- 15
ai25fk o
n..; n-421'25 —
- 1 n - :
~_ I I § —
075 F 2 [
= Horsf
05F -
i 05F
025 -
8 0.25
L . | I 1 . ] B
00 1 2 3 oL L L T |
Non-dimensional Length (x, ) 0 3

1 2
Non-dimensional Length (x, )
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ANALYSIS WORKSHOP

Problem ID7 and ID8

2 r
- —=—— Total Temperature (Isentropic) - Total Temperature (Shock)
175 Total Pressure (Isentropic) 175 Total Pressure (Shock)
15 15 :_
af25F ai25|
s | = |
- 1 ;—.—.—.—.—'—.—.—.—.—.—.—.—.—.—.—.+H—.—.—.—.—.— i 1 N
= | = |
075F =0.75 [
0.5F 05 :_
0.25 0.25
0 - I | | | L 1 L | L | | 1 | | ] 0 L L 1 L L ] L L 1 L J
0 0.25 0.5 0.75 1 0 0.25 05 0.75 1
Non-dimensional Length (x,,) Non-dimensional Length (x, )
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ANALYSIS WORKSHOP

Problem ID9 and ID10

2r 5
E ——=—— Total Temperature (Isentropic)
175 Total Pressure (Isentropic) 175
15F 15
af2sfk ai2s
s | al
S -
= | <)
EB-TS - h:(-)'.?ﬁ
05 05
025 0.25
i 0
1 L L I L L l L L L L I L 1 I
0—1 -0.5 0 0.5 1

Non-dimensional Length (x,, )
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E ——=a—— Total Temperature (Shock)
-~ Total Pressure {Shock)
L . ] . ] T ]
-1 -0.5 0 5 1
Non-dimensional Length (x, )
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ANALYSIS WORKSHOP

Temperature (ID 1)

1 T__\_T:;::j"" ~ Temperature (ID 3)
N \ Temperature (ID 5)
ook | | = = = - Tempemturc,,,,,
0833 — — — — — — — — —
0.8
o7k
=L <
Eosf ™~
05
04
03f ~_ "
o L1 ] |
0 1 2 3
Non-dimensional Length(x, )
35fF -
- Mach (ID 1) . yd
2k Mach (ID 3) . /
[ | ————— Mach(D 5 e
— — — — Mach g s

thmat

1 2
Non-dimensional Length (x, )
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1 _q_?;—l
- ) Density (ID 1)
09F Density (ID 3)
B Density (ID 5)
08 Density,,,,
0.7
0¥ — — — — — — — — — h — — — — — — — — — -
06
Zosf
04}
03fF o .
0.2
01 —
L ] . 1 .
00 1 3

2
Non-dimensional Length(x, )
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Problem ID1 and ID2

18| ' -
B — — - Density(Isentropic) | <
B — — = Velocity(Isentropic) -
16 - — — = Temperature(Isentropic) | 2
g . Density(Shock) I 7
B Velocity (Shock) £
1 Temperature(Shock) |
14 — — — = ThroatLocation |
- |
[_;:12 — |
= F |
= 1} |
8 B K”————
- B
~08
a B |
o
Q [ I -
06 \
W % \\J
- , | I -
04 Fd W -
: o | B W T
- i I ‘ \\"\
= | | | | | ] I | | | L~ o ]
0 1 2 3
Non-dimensional Length (x, )
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ANALYSIS WORKSHOP

Problem ID3 and I1D4

18} ! P
= — — - Density(Isentropic) | -
B — — = Velocity(Isentropic)
1.6 = — — - Temperature(Isentropic) I
B Density(Shock) |
B ———— Velocity (Shock)
B ———— Temperature(Shock) |
14 ,_ — — = ThroatLocation |
B I
= |
. . o
) i r/_
~—
2 B
208
Q. B
~
[oN B I
06
B I
- I
04 | N~
B \\\ﬁ_ - _
- | \\_\\ -
0.2 __ // | ‘\-ﬁ-\___\—hh
;-——1—'_"\_’"-\"’/\ | [ ] - | I R L I J
0 1 2 3
Non-dimensional Length (x, )
ar
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ANALYSIS WORKSHOP

Problem ID5 and ID6

18 '
B — — - Density(Isentropic) |
B — — = Velocity(Isentropic)
16 = — — = Temperature(Isentropic) I
i Density(Shock) |
B —— Velocity (Shock)
[ ————— Temperature(Shock) |
14 — =— = ThroatLocation - -
- ' ~
B I
tC:'|.2 — |
=t |
o B
~
=] B
08
Q. |
~
aQ B
06
04
- /_/"
02F -
[ ’//
L
= I ! I
0

Non-dimensional Length (x, )
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ANALYSIS WORKSHOP

Problem ID7 and ID8

1.8 C - — - Density(Isentropic)
B — — = Velocity(Isentropic)
B — — — Tempemnture(lsentropic)
16~ Density(Shock)
B — Velocity (Shock) —— = = = = = = =
| —————— Temperature(Shock) //‘/]
14 //
- _—
t012 N
=t
>z 1
2 B ——
~—
> B
~08
Q. B
S~
Q B —
06 T~}
- Tm———— === -
04
0o2F T
- [ [ I T R S A TN SR S . |
0 0.25 0.5 0.75 1

Non-dimensional Length (x, )
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Problem ID9 and ID10

1.8

B — — = Density (Isentropic)
16 — — — — Velocity (Isentropic) —— — = — — -
B — — = Temperature (Isentropic) g
- Density (Shock)
1 4 L Velocity (Shock)
= Temperature (Shock)
12
= [
= a
= B
L || S -
= -
S
.08
= B
Q B
\O\. B
06
04
02 I
0 B IR R R R | ! 1 ]
1 05 0 0.5 1

Non-dimensional Length(x, )
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ANALYSIS WORKSHOP

Grid Comparison

1.1

1
0.9
0.8

0.7

0.6
(=8

-=
o8

0.5

0.4

0.3

0.2

0.1

0

- — = = 201
— = — = an
- — — - 801
- — — - 1001
— 2001
- 001

— Standard (5001)

o

1 2
Non-Dimensional Length (x, )

Grid Independence

11

2001
4001
Standard (5001)

1

T

o
oo
T

o
'S
!II! IIl\WWTI TWI\T!\I!T !lT!\!ll

0 L | I 1 I I J

o
w

1 2
Non-Dimensional Length ( x, )
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Common Assumptions : Numerical Standard Solution ( Maximum Grid points : 5001 )
Tolerance (10713)

Max Error

Point data (Throat Location)

£ (T"{"T*) %

1.1548e-02
2.0910

6.9240e-01
2.0551

2.0910

Distributed Data

E(Pafp*)% £(M) % szz(;flz};ﬂ)z
8.2780e-01 3.2835e-01 1.3137E-003
6.7852 4.6841 1.5456E-003
3.1886 24376 1.1432E-003
6.6931 0.4363 1.9058E-002
6.7852 4.6841 1.9058E-002

TFAWS 2017 — August 21-25, 2017

TV (1.0 — By)?
ZV(1.0)?

4.5326E-003
2.377E-002

4.8848E-003

6.4387E-002

6.4387E-002

\Jzi—* M e — )2
ZY (Meraer)

4.7422E-003
3.1330E-002
3.9372E-003
5.6816E-002

5.6816E-002
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10

Max Error

Table 2. Table of Error for Shock Problems

Problem ID Point data Distributed Data(L2 Norm)

e (To/p) % e (%o/pe) % e(M)%

9.5686e-04 8.1800e-01 3.0791e-01
2.0571 6.6744 46

6.7717e-01 3.0498 2.2890
2.0480 6.6817 0.4241
2.0571 6.6817 4.6
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Ef{l-ﬂ - Tﬂ)z z?r':ma.mcr - mi}z
X1 (1.0)? 2 (iexact)?

2.9257E-003

3.5008E-003

1.1835E-003

2.0130E-003

1.8957E-002

1.8957E-002

1.0303E-002

3.4672E-002
4.5238E-003

6.5547E-003

5.7761E-002

5.7761E-002
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CONCLUSIONS

 The results show that the maximum error was 6.78%
and occurred at the throat of the nozzle with an acute
throat gradient.

 The standard solution can therefore be used in place of
an analytical solution for the purpose of error analysis
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